OBJECTIVE: To assess the relationship of percentage of indigenous ancestry with body mass index (BMI) and waist to hip ratio (WHR) among Native Hawaiians. DESIGN: A cross-sectional, observational study among 567 rural native Hawaiian men and women, aged 30 or older, enrolled between 1993 ± 96. MEASUREMENTS: Ancestry was assessed by self-report, and was veri®ed with a brief genealogical interview. Anthropometric measurements, as well as dietary and physical activity histories were also obtained. RESULTS: Percentage Hawaiian ancestry was signi®cantly associated with increased body mass index (BMI), waist to hip ratio (WHR), and age. The association between percentage Hawaiian ancestry and both anthropometric measures persisted after adjusting for age, leisure time physical activity and total dietary energy intake. CONCLUSION: Obesity and central adiposity were highly prevalent among Hawaiians participating in this study. The association between BMI and WHR with percentage Hawaiian ancestry, unexplained by differences in diet and physical activity, suggests genetic factors play an important role in the high prevalence of obesity observed among Native Hawaiians.
Introduction
Twin, adoption, and family studies provide evidence of the importance of genetic factors on the risk for weight gain and obesity. Obese individuals often had obese parents, and the risk of obesity is about two or three times higher for an individual with a family history of obesity. 1 High concordance rates of body mass index have been observed among identical twins compared to fraternal twins. 2, 3 Adoption studies have demonstrated that the body-mass index of adult adoptees is correlated with the body-mass index of biological relatives, but not with their adopted parents, 4 and reported little effect from shared family environment. 5 Furthermore, over twenty genetic markers for obesity have already been identi®ed. 6 Increased prevalence of both obesity and Type 2 diabetes has been observed among many indigenous populations, especially among Nauruans 7 and Pima Indians. 8 Both of these disorders are thought to have been uncommon in such populations prior to the adoption of a modern American lifestyle, with its concomitant changes in diet and physical activity. Nonetheless, a genetic predisposition is likely to have been a necessary, if not a suf®cient condition, for the epidemic of obesity and diabetes now being observed among many indigenous populations. However, surveys of individual genetic markers for obesity have generally not been fruitful in these populations, since obesity is thought to be a multi-gene disorder, and a complete survey of all twenty known markers would be technically dif®cult as well as prohibitively expensive.
Hawaiians have also been reported to have high prevalence of type 2 diabetes.
9 ± 11 Much of the increased occurrence of this disorder might be explained by the high prevalence of obesity among native Hawaiians. 10, 12 Presumably, both behavioural and genetic factors are important determinants of the high prevalence rates observed among this ethnic group. However, a survey of genetic markers would be further complicated by the fact that few Hawaiians today report 100% descent from the indigenous Polynesian population present in Hawaii prior to Western contact. Instead, we used the percentage of ancestry derived from the indigenous Polynesian population of Hawaii as an indirect measure of genetic risk. Similar studies among Native Americans and other indigenous populations have demonstrated associations between percentage of indigenous ancestry and type 2 diabetes mellitus occurrence. 13 ± 19 We report here our observations on the relationship between percentage of Hawaiian ancestry with relative body weight and central adiposity.
Methods

Study population
The study methods of the Native Hawaiian Health Research (NHHR) Project have been described previously. 20 Brie¯y, the NHHR Project was conducted in partnership with existing Native Hawaiian Health Care organizations in the communities of North Kohala, on the island of Hawaii and WaimeaaKehaha, on the island of Kauai. Both of these rural agrarian communities are relatively isolated from the urban centers of Honolulu on the Island of Oahu, requiring over two hours traveling time by airplane and automobile. A door-to-door census was conducted in each of these communities to identify all persons eligible for screening. All non-pregnant adults age 30 years or older reporting native Hawaiian ancestry and residing in the census areas were eligible to participate. A total of approximately 1100 native Hawaiian adults were identi®ed in the combined communities, of whom 579 (approximately 53%) completed the full interview and clinical examination. Percentage of native Hawaiian ancestry was determined by self-report, and was con®rmed with a brief genealogical interview, which recorded the ethnicity for three previous generations. Participants were ranked on an ordinal scale (1±5) based on their self-report of percentage of Hawaiian ancestry (`25%, 25±49%, 50±74%, 75±99% and 100%). Prevalence of obesity was estimated for 568 participants from whom complete anthropometric measurements were obtained. One participant of unknown percentage of Hawaiian ancestry was excluded from further statistical analysis (n 567).
Risk factors
Anthropometric variables. Individuals were measured for weight, height, waist and hip circumference using standardized protocols. 21 Speci®cally, waist circumference was measured with the participant in a standing position, with a measuring tape placed horizontally at the participants' natural waist, at the level of the iliac crest. Hip circumference was also determined in the standing position with a measuring tape placed horizontally at the maximal protrusion of the gluteal muscles. 21 Relative body weight was estimated using the body mass index (BMI), calculated as the weight in kilograms divided by the square of the height in meters. Overweight and obesity were de®ned by recent National Heart Lung and Blood Institute (NHLBI) recommendations; participants with a BMI between 25 and 30 were classi®ed as overweight, and those with BMI ! 30 were classi®ed as obese. Central adiposity was estimated using the ratio of waist to hip circumference in centimeters (WHR). Waist circumferences were also used to estimate the prevalence of central adiposity according to NHLBI criteria; b 40 inches circumference among men, and b 35 inches circumference among women. Both waist circumference and WHR have been shown to be signi®cantly correlated with deep abdominal adipose tissue even in obese individuals, despite the dif®culty in accurately measuring these parameters among those individuals. 22 Behavioural variables. During the course of the 3± 4 h examination, participants completed a series of questionnaires related to medical history and health behaviours, including instruments to assess dietary intake and level of physical activity. Total energy intake was estimated using a quantitative food frequency questionnaire developed and validated by the Cancer Research Center of Hawaii. 23 This instrument includes a wide range of food items that are representative of Hawaii's ethnically diverse population. 24 Past week leisure physical energy expenditure (kcalakgaweek) was estimated using a modi®ed version of the Pima Physical Activity Questionnaire. 25 
Statistical methods
Correlation coef®cients were estimated to assess the association between BMI and WHR with percentage Hawaiian ancestry, dietary intake, and leisure time activity. General linear modeling (GLM) was then used as a test of trend relating increasing Hawaiian percentage with increasing BMI and WHR, with and without adjustment for possible confounding variables.
Results
According to recent NHLBI recommendations, the combined prevalence of both overweight and obesity was 81.5% (Table 1 ), compared to a national prevalence of about 52.6% as observed in the latest of the National Health and Nutrition Surveys. 26 Almost half (49.12%) of all participants were obese (BMI ! 30.0) Among the potential risk factors for overweight and obesity examined (Table 3) age, percentage Hawaiian ancestry, and total dietary energy intake were signi®-cantly associated with both increased BMI and increased WHR. WHR was also positively associated with leisure time activity during the past week and past year, and with total energy intake. The associations between WHR and energy intake and expenditure were no longer signi®cant after adjusting for gender ( Table 3) .
As illustrated in Table 4 , both BMI and WHR increased monotonically with percentage Hawaiian ancestry. Hawaiian ancestry was also positively associated with age (P for trend`0.0001), but not leisure time physical activity or total energy intake (Table 4) . However, Hawaiians with higher percentage of Hawaiian ancestry did report a greater percentage of their dietary energy intake was derived from carbohydrates and protein.
After adjustment of behavioural correlates for BMI, the least squared means remained higher among Hawaiians reporting higher percentage of Hawaiians ancestry ( Table 5 ). The trend after adjustment was still highly signi®cant (P`0.0001). WHR was not longer signi®cantly associated with Hawaiian percentage after adjusting for BMI.
Discussion
Neel 27 suggested harsh or unstable environments, combined with geographical isolation might have selected for a`thrifty genotype' with a highly ef®cient energy metabolism. He further proposed that this adaptation would be rendered detrimental under conditions of plenty, increasing the risk for developing obesity and obesity-related disorders such as diabetes in these populations.
The increased prevalence of obesity, coupled with the observation that relative body weight was associated with percentage Hawaiian ancestry, suggests that a thrifty genotype may be prevalent among Native 28 Rush et al demonstrated that Polynesian women had lower resting metabolic rates than Caucasian women, after adjusting for fat-free mass. 29 Racial differences in RMR have also been reported in other populations. 30 Although percentage of Hawaiian ancestry was treated as a marker for genetic factors, other explanations for the association between BMI and percentage Hawaiian ancestry are possible. Percentage Hawaiian ancestry may act as a marker for acculturation, which in turn may affect relative body weight by in¯uencing behavioural risk factors such as diet and physical activity. Adjustment for these behavioural risk factors did not substantially weaken the association between BMI and percentage Hawaiian ancestry; however, because behavioural risk factors are dif®cult to measure accurately, statistical adjustment may not completely account for the effects of these variables. Nonetheless, participants reporting higher percentage of Hawaiian ancestry also tended to report higher levels of physical activity, and higher percent of dietary energy from carbohydrates, both of which should be associated with reduced rather than increased BMI.
Alternatively, the usefulness of BMI as a marker of obesity may vary considerably among individuals and even between ethnic groups. For example, BMI measurements can be very high among muscular individuals with a high fat-free mass and low fat mass. In a comparison between Polynesians and Caucasians in New Zealand, average fat-free mass was signi®cantly higher among Polynesians relative to Caucasians with similar relative body weight. 29 Thus, it is possible that among Hawaiians, higher percentage Hawaiian ancestry may be associated with increased fat-free mass rather than obesity. However, WHR was also observed to be associated with percentage Hawaiian ancestry, and a higher prevalence of central adiposity among Polynesians compared to Caucasians has also been demonstrated in a study in New Zealand. 29 Since WHR is less likely to be correlated with fat-free mass than BMI, it is unlikely that the association of BMI with percentage Hawaiian ancestry would be explained entirely by increased fat-free mass.
In summary, obesity and central adiposity were highly prevalent among Hawaiians participating in this study. The association between BMI and WHR with percentage Hawaiian ancestry, unexplained by differences in diet and physical activity, suggests genetic factors play an important role in the high prevalence of obesity observed among Native Hawaiians. 
